Objective: To reduce the risk of postoperative spinal instability or deformity, unilateral laminectomy (UL) has been recommended to remove spinal space-occupying lesions. The purpose of this study was to determine whether there were any advantages of UL for removal of spinal cord tumors. Methods: From May 1995 to May 2010, 94 patients with spinal cord tumors, who underwent tumor removal via UL in our institute, were enrolled in this study. Intramedullary spinal cord tumors were excluded. Simple radiographs were obtained for accessing the restoration of the spinal column. Spinal magnetic resonance imaging (MRI) was also obtained during the follow-up period to evaluate tumor recurrence. Results: There were 51 women and 43 men; their mean age was 47.8 years (range, 9-83 years). The mean follow-up period was 52.6 months (range, 24 month-16 years). The sites of the tumors were cervical in 21 cases, thoracic in 37, lumbar in 33, and sacral in 3. These cases included 85 intradural extramedullary (IDEM) and 9 extradural (ED) lesions. IDEM tumors consisted mainly of neurilemmomas (56.3%) and meningiomas (22.3%).Tumors were totally removed in 80 cases and subtotally removed in 14 cases. Postoperative neurological status was improved in 53 cases, unchanged in 31 cases, and worsened in 10 cases. During follow-up, MRI showed tumor recurrence in 4 patients. Histopathologically, three cases were meningiomas and one case was neurilemmoma. None of the patients showed spinal instability or kyphotic deformity at last follow-up. Conclusion: UL is an optimal approach for providing sufficient exposure of spinal cord tumors without development of postoperative spinal instability and regional sagittal imbalance in any location of spinal column. In cases of meningioma, careful long-term follow up is needed due to it's relatively high recurrence rate after removal via UL.
INTRODUCTION
Goals in the surgery of the spinal cord tumor are to obtain adequate exposure of the lesion, to remove the lesion totally without injury to the spinal cord and nerve roots, and to preserve spinal column stability. Total laminectomy is the most conventional approach for surgical removal of a spinal cord tumor. It offers a familiar exposure and wide views of the surgical fields to the spinal surgeons. However, many clinical and biomechanical studies have shown that total laminectomy destroys dorsal bony structures, the interspinous ligament complex, and paraspinal muscles. Therefore, if total laminectomy is done at multiple levels of the spine, it may pose great risk for development of spinal deformity and instability after the surgery. The incidence of spinal deformity after total laminectomy has been reported to be approximately 50%, especially in children before they reach bone maturity 5, 29) . It also has several disadvantages, such as epidural fibrosis, the absence of osseous protection for the spinal cord, and the development of postoperative severe axial pain.
Unilateral laminectomy (UL) has been recommended to minimize iatrogenic trauma during surgery and the development of postoperative instability or sagittal imbalance. The main advantages of UL is the complete preservation of posterior static structures of the vertebral column, such as the spinous processes, the interspinous and supraspinous ligaments, and the unilateral preservation of the intervertebral joints, laminae, ligamentum flavum and paraspinal muscles. The purpose of this 
MATERIALS AND METHODS

Patient population
Since 1995, UL has been used routinely for the removal of all spinal cord tumors with the exception of those intramedullary tumors which generally required total laminectomy and extradural tumors which extensively invaded local soft tissue structures bilaterally. The patient with previous spine surgery was also excluded. The author retrospectively analyzed 94 consecutive patients with spinal cord tumors who underwent tumor removal through a UL between May 1995 and April 2010 in our institute. Information regarding clinical presentation, tumor characteristics, operative findings, postoperative results, and complications were collected from medical and radiological records. Pathological reports on the spinal cord tumor were also reviewed.
Surgical technique
All patients were placed in a prone position. After the determi nation of the surgical level with intraoperative fluoroscopy, a longitudinal midline incision was done. Paravertebral muscles were detached from the posterior bony structure on the affected side, and laminectomy was done using a high speed drill and punch under a microscope. The base of the spinous process was also drilled until the contralateral roots or dural curve was seen (Fig. 1) . The attachments of the contralateral muscles and the interspinous ligaments were kept intact. If required, medial parts of the ipsilateral articular process were removed. The facet joints were not sacrificed unless there was an extra spinal extension of the tumor. Oblique tilting of the operating microscope or operating table to the contralateral side provided an adequate view for extradural and intradural procedures. For intradural lesions, the paramedian incision of the dura was made longitudinally, and the dural margin was tacked to the muscle or fascia laterally. The arachnoid membrane was incised sharply and dissected from the tumor. Tumor removal was performed by internal debulking of the solid tumor or piecemeal resection after meticulous hemostasis and dissection. Tumors with cystic components were easily removed after draining cystic fluid by puncture or aspiration. In cases of intradural spinal meningioma, the site of origin of the tumor was coagulated. Applying cottonoid to the upper and lower pole helped to prevent the spread of blood clots into the subarachnoid space. The dura was tightly closed with continuous non-absorbable sutures.
Radiologic assessment
Simple plain radiographs were obtained before surgery, immediately after the surgery, and at final follow up to evaluate the development of spinal instability or kyphotic deformity. The criteria for spinal instability of cervical spine were anterior displacement more than 3.5 mm, or segmental angle change more than 11 degrees in flexion and extension spinal radiographs. In thoracic or lumbosacral spine, the criterion for spinal instability was anterior displacement more than 2 mm in flexion and extension spinal radiographs. To evaluate the progression of spinal deformity after UL, C2-C7 angle in cervical spine, T4-T12 angle in thoracic spine, and L1-S1 angle in lumbosacral spine were measured, respectively. Preoperatively, spinal magnetic resonance imaging (MRI) was done to evaluate tumor size and location. During follow-up, MRI was done for evaluation of tumor recurrence.
Statistical analysis
Data were analyzed using the SPSS program for Windows V17.0 (SPSS, Chicago, IL, U.S.A.); Wilcoxon Signed-Rank test was used for analyses. Data are presented as mean±standard deviation. For all analyses, a p-value of <0.05 was considered statistically significant.
RESULTS
We enrolled 51 women and 43 men, their mean age was 46.9 years (range, 9-83 years). Mean follow up duration was Table 1 .
In most UL cases, lesions were exposed at two levels (1 level: 19, 2 levels: 51, 3 levels: 23, 4 levels: 1). The operation time ranged from 1 to 5 hours for the removal of spinal cord tumors. Blood transfusion was not necessary during the operation in any of the patients. Tumors were removed gross totally in 80 cases and subtotally in 14 cases according to intraoperative findings ( Table 2 ). In the 14 cases of subtotally removed tumors, it was not done subtotally because of a narrow surgical field, but because of the characteristics of the tumors and the invasiveness of the tumors into neural structures. Postoperative neurological status was improved in 53 cases, unchanged in 31 cases, and worsened in 10 cases. During the follow-up period, neurologic symptoms were gradually improved in 7 and of 10 worsened patients, but were not changed in 3 patients. Most patients whose neurological status remained unchanged or worsened had a long symptom duration before the surgery. Postoperative complications included one epidural hematoma, one wound infection, and one cerebrospinal fluid (CSF) leakage. The epidural hematoma and wound infection were resolved after revision and hematoma removal, and debridement and antibiotic treatment, respectively. CSF leakage was managed by lumbar puncture drainage. All three patients had a favorable outcome.
There were 4 patients who underwent an operation due to a recurrent tumor. For all of them, tumors were gross totally removed at the time of the initial operation. Histopathologically, three cases were meningiomas in the thoracic spine, and they had developed at the same thoracic spinal level but on the contralateral side. One recurring case was a neurilemmoma in the lumbar spine. In our institution, the recurrence rate of spinal meningioma was 12.5% (3/24). The mean recurrence period was 12.3 years after the first surgery. In cases of neurilemmoma, recurrence occurred in 1 case (1.8%) at 10.1 years after the surgery.
None of the patients developed spinal instability on simple plain radiographs during follow-up. In cases with cervical spinal Values are means±SD cord tumors, the average C2-C7 angles in preoperative and last follow-up radiographs were -22.8±10.3 and -20.5±11.3 respectively. In cases with thoracic spinal cord tumors, the average T4-T12 angles in preoperative and last follow-up radiographs were 19.8±7.5 and 17.2±6.4 respectively. The average L1-S1 angles in preoperative and last follow-up radiographs were -30.5±7.2 and -33.8±9.2 respectively in cases of lumbar spinal cord tumors. Significant differences were not found between preoperative and last follow-up C2-C7 angles, T4-T12 angles, and L1-S1 angles (p>0.05) ( Table 3 ).
Illustrative Case Case 1
An 28-year-old man suffered from neck pain and motor weakness of the right arm (grade 3/5). Preoperative MRI showed a large enhancing IDEM dumbbell shaped mass extending from C2 to C3 involving the right side of the spinal canal and C2-3 neural foramen. The spinal cord was compressed and displaced left-posteriorly by the mass ( Fig. 2A and B) . C2-3 right UL was performed, and the tumor was totally removed. The postoperative course was uneventful, with gradual improvement of the patient's neurological function. The histopathological findings were consistent with the those of a schwannoma. Postoperative enhanced computed tomography (CT) revealed complete removal of the spinal cord tumor (Fig. 2C) . A plain radiograph at two year follow-up demonstrated no evidence of spinal instability (Fig. 2D) .
Case 2
A 47-year-old woman presented with paraparesis of both legs (grade 4/5) and decreased sensation below the T8 sensory dermatome. A thoracic MRI revealed a well demarcated IDEM tumor with dural tail sign in the T7 spinal canal. Strong homogenous enhancement was appreciated after gadolinium administration ( Fig. 3A and B) . With a T6-7-8 UL on the right side, the tumor was removed gross totally. Broad-based dural attachment was coagulated by a bipolar, and the dural origin of the tumor was not excised. The postoperative course was uneventful, with notable improvement in neurological function. The histopathology revealed a diagnosis of meningioma.
Paraparesis reappeared 7 years after the initial surgery. MRI demonstrated a recurrent meningioma on the contralateral side to the previous operation site (Fig. 3C and D) . A T7-8 total laminectomy was done by using a drill, curettes, and punches. After a midline longitudinal dural incision, gross total tumor removal was done. After the surgery, paraparesis was gradually improved to Grade (IV/IV+) with rehabilitation treatment.
DISCUSSION
Although extensive laminectomy has been widely used for the removal of spinal cord tumors, it also has associated postoperative complications. The integrity of ligament flavum and of supraspinous, and interspinous ligaments is known to be crucial for the dynamic stability of the spine. Spinal instability and deformity can occur due to damage to the posterior bony structure, interspinous ligament complex, and paraspinal muscles 2, 5, [10] [11] [12] [28] [29] [30] . The development of a kyphotic deformity has been frequently reported after total laminectomy for spinal disease. It results in an anterior compression of the spinal cord and progressive myelopathy secondarily. To reduce the risk for development of spinal instability or deformity after laminectomy, less invasive techniques, such as UL, laminoplasty, or osteoplastic laminotomy, have been applied for the removal of spinal space occupying lesions 4, 11, 20) . Some authors have advocated that laminoplasty has advantages of maintaining postoperative stability and preventing epidural scar formation. Inoue et al. 12) reported that upper cervical spine kyphosis and compensatory increasing lordosis of the lower cervical spine were frequently observed in the laminectomy group compared with the laminoplasty group. However, laminoplasty also disrupts the posterior ligamentous structures. Moreover, laminoplasty is difficult to apply in the thoracic and lumbar spine because the pedicles have a tendency to fracture due to their anatomical structure. Another surgical alternative is osteoplastic laminotomy, in which the removed bone elements are repositioned at the end of the operation 18, 20) . However, this technique is time consuming, and the destruction of the posterior supporting structure is unavoidable. By contrast, UL induces less injury to the dynamic dorsal structures of the vertebral column including ligamentous structures and paraspinal muscles, compared with total laminectomy, laminoplasty, or osteoplastic laminotomy.
UL has been widely applied to spinal surgery, especially degenerative spine disease 13, 15, 26) . The technique avoids damage to the supraspinous and interspinous ligaments and the paravertebral muscles of the opposite side, and is superior to laminoplasty in the maintenance of both the alignment and the mobility by preserving more paravertebral structures. In addition, UL can provide an adequate surgical window with development of microsurgical techniques [1] [2] [3] [4] [6] [7] [8] 17, 19, 21, 22, 25) . Mariconda et al. 15) reported that there was not any evidence of instability among the people who underwent bilateral decompression of lumbar spinal stenosis using unilateral laminectomy. Several authors recommended UL for various spinal cord tumors 7, 8, 27) . Takashi et al. 2) advocated that worsening of the spinal curvature was significantly less frequent in the UL group than in the conventional laminectomy or the laminoplasty group. In this study, we evaluated about the development of spinal deformity and instability. In cervical and lumbar spine, overall alignment (C2-C7 and L1-S1) was measured. Followup radiologic results showed the good maintenance of cervical and lumbar lordosis compared to preoperative radiologic results.
In thoracic spine, we measured the angle of T4-T12 angle, and it showed a similar result compared with preoperative data. Moreover, the development of spinal instability in cervical, thoracic, and lumbar spine was not observed during followup. These facts indicate that UL can maintain spinal stability and alignment after the surgery by avoiding damage to the ligamentous structures, intervertebral joints, and paravertebral spinal muscles of the opposite side. In this view, we encourage early ambulation after postoperative day 2, and patients can avoid external bracing and reduce hospital stays. In addition, less epidural scarring is expected after unilateral removal of ligamentum flavum and osseous protection for the spinal cord by remaining bony structures. Some surgeons may be concerned about incomplete removal of the tumor in UL, or inadvertent spinal cord damage with the relatively narrow surgical corridor compared with total conventional laminectomy during the surgery for spinal cord tumors. However, the narrow surgical field in UL is not an obstacle to removing IDEM and ED tumors. Under the microscope, we secured working space for the operation via drilling of the base of the spinous process. We then, could gross totally remove the tumor mass in the majority of cases. The exposure of the dorsal parts of the spinal cord after creating the working space for the operation is sufficient in comparison to total laminectomy. The dissection of the arachnoidal compartments and the release of cerebrospinal fluid provided a larger field for surgical manipulation. When gross total removal of the tumor without cord damage is not feasible through the unilateral procedure, the surgeon can convert to bilateral laminectomy during the operation. In this study, there were 14 cases of subtotal removal of tumor. However, none were because of a narrow surgical field; rather, it was because of the characteristics of and the invasiveness of the tumors. Ten cases of clinically worsening after surgery also achieved sufficient surgical field via UL and microscopic view. Among them, seven cases were subtotally removed cases due to adherence with adjacent spinal cord. Therefore, spinal cord might be injured due to retraction or thermal force. Future, the analysis about the worsening of neurological symptom will be required with large number cases. We experienced recurrent tumors in four patients after the surgery. Histopathologically, these cases were spinal meningioma in the thoracic spine, and the recurrent tumors occurred on the contralateral side at the same spinal level, except for one case which was diagnosed as a neurilemmoma. Although the four recurrent tumors had initially been removed gross totally, tumors redeveloped during follow-up.
Schick et al. 23) reported surgical results of 197 benign spinal neoplasms; they showed that 79.7% were completely removed and the recurrence rate was 10.2% over an average of 4.3 years postoperatively. The overall recurrence rate was 4.8 % in the present study, which is similar or superior compared to other clinical studies 7, 23, 27) . King et al. 14) reported one recurrence of spinal meningioma in 78 patients 14 years after the first operation, and the tumor recurred in one case that had been totally resected in the first operation. However, the dural bases were diathermied and not excised because of the anterior placement. Mirimanoff et al. 16) found a recurrence incidence of 13% over 10 years in spinal meningioma, and recurrence of spinal meningiomas was reported as being delayed up to 38 years 9) . In our series, the recurrence rate in spinal meningioma was 12.5% with a mean recurrence period of 12.3 years. In recurrent cases of meningioma, the tumors crossed the midline of the spinal canal on pre-operative MRI. The tumors had been gross totally removed via UL using a microscopic view in the first operation. The site of dural attachments to the tumor was coagulated to avoid additional risks of CSF leakage after removing of dura and spinal cord damage related to dural excision of the tumor origin site. Follow-up MRI in all patients who had recurrent meningioma revealed that tumors dominantly sited at contralateral spinal canal. Therefore, we can't exclude the possibility that the dural coagulation may influence lowering of the tumor recurrence. However, unlike intracranial meningiomas, removing the dural origin seems to make little difference to recurrence rates in literature reviews 23, 24) . In our cases of recurred meningioma, all tumors were dominant at the contralateral side of laminectomy, not at the previous operation site, which indicates that diathermy of the dural origin may be efficient for reducing recurrence of spinal meningioma. Although tumor recurrence was higher in spinal meningioma compared to other spinal tumors, spinal meningioma can be successfully resected and coagulated at its dural origin via UL. To reduce the recurrence rates of spinal meningioma, it will be important to estimate the extent of dural origin through careful observation of preoperative radiologic studies, especially, whether the origin site spreads the contralateral area of the surgical approach or not. If the origin site of tumor is spread to the contralateral side of approach, diathermy of the dural attachment will be important. Lastly, even if gross total removal of tumor was done, careful long-term follow up is essential due to delayed recurrence, especially in cases of meningioma.
CONCLUSION
Unilateral laminectomy for removal of spinal cord tumors is an optimal approach that can yield excellent exposure of the spinal canal and gross total removal of the lesion without any postoperative development of spinal instability or deformity. Furthermore, after this procedure, our patients are encouraged to achieve early mobilization and hospital stays may be reduced because the stability of spinal column after UL has been well maintained during follow-up. In cases of spinal meningioma, evaluation of the origin site via preoperative radiologic studies and diathermy of the dural attachments will be important to reduce tumor recurrence.
